Introduction
Winter survival of canola (Brassica napus L.) is a challenge for producers using highresidue, no-tillage, or reduced tillage systems. If seed-to-soil contact is poor, emergence may be delayed, making the plant more susceptible to winter kill. A thick layer of plant residue above the seed row results in lengthening of the hypocotyl above the soil surface, exposing the crown to greater risk of damage from sub-freezing temperatures. The objective of this study conducted in cooperation with AGCO Corporation was to determine the effect of residue management, seeding density, and row spacing on stand establishment, winter survival, and yield.
Procedures
An innovative residue management system being developed by AGCO Corp. was compared to cooperating canola producers' no-tillage residue management and planting methods in wheat residue. This series of on-farm experiments was conducted in 2014-2015 and 2015-2016 at ten locations across Kansas. The AGCO treatments were 20-or 30-in. row spacing and three seeding rates (100,000, 150,000, and 200,000 seeds/a) for a total of six treatments. The producer treatment at each location included row spacing, seeding rate, and residue management practices preferred by that producer (Table 1) . Plots were 30 feet in width and 550 to 626 feet in length depending on location. Fall establishment was determined by counting four sections of rows in each plot, each 3.3 to 10 feet in length. The average number of leaves per plant was determined just before winter dormancy to quantify potential differences in seedling development. The number of living plants was counted after green-up the next spring to determine spring plant density. Winter survival percent was calculated by dividing spring plant density by fall plant density and multiplying by 100. Bloom progression was estimated visually during mid bloom to determine if treatments influenced spring plant development. Cooperators' equipment was used to swath plots at 40 to 60% seed color change and to harvest for yield determination several days after swathing. Weight of canola from each plot was determined with weigh wagons or yield monitors depending on location (Table 1) . Seed samples were collected from each plot and sent to the Brassica Breeding and Research program at the University of Idaho (Moscow, ID) for near-infrared spectroscopy (NIRS) oil content estimation. Due to winter stand loss, only one of the six experiments planted in the fall of 2014 was harvested for yield in 2015. All four experiments planted in fall 2015 were harvested for yield in 2016.
Results

Fall Stand Establishment
Fall plant density typically increased as seeding rates increased ( Table 2 ). The 20-in. row spacing resulted in greater plant density than the 30-in. row spacing at a given seeding rate and averaged across seeding rates in three of five locations. Cooperator seeding rates often were substantially greater than all AGCO seeding rates and resulted in significantly greater fall stands in three of five locations. At these three locations (Kingman 2015 , Conway Springs 2015 , and Kiowa 2015 , cooperators also planted canola in row spacings ranging from 10 to 15 inches. At one location (Stafford 2015) the AGCO treatments resulted in fall plant densities comparable to those achieved with cooperator practice. At another location (Andale 2014), AGCO seeding rates were greater than targeted and resulted in plant densities significantly greater than for the cooperator practice.
Spring Plant Density
Spring plant density was not consistently related to seeding rate, indicating that plant density tended to equalize during the winter, regardless of how many seeds were planted (Table 3) . Spring plant density was consistently greater in row spacings less than 30 in., regardless of seeding rate and residue management system. Reduced intra-plant competition in narrow row spacings may have allowed more plants to survive the winter.
Winter Survival
Winter survival increased with decreasing seeding rates in 20-in. rows at four of the five locations (Table 4 ). Although winter survival followed a similar pattern in 30-in. rows only at Kiowa 2016 (winter survival increased with decreasing seeding rate), winter survival for the highest seeding rate was either equal to or less than that for the lowest seeding rate. Winter survival was greater in 20-in. vs. 30-in. rows at three of the five locations. Winter survival was negatively correlated with fall plant density at Andale 2015 (r = -0.36 and P = 0.0590), and Stafford 2016 (r = -0.45 and P = 0.0178), across all seeding rates and row spacings. These results suggest that greater intra-plant competition within the row resulting from greater seeding rates and/or wider row spacing likely increased the probability of plant death during the winter.
Plant Growth and Seed Oil Concentration
Although leaf number and bloom progression differed between treatments at some locations, no consistent patterns were evident for fall or spring plant growth response to residue management, row spacing, or seeding rate (data not shown). Seed oil concentration differed between treatments only at Andale 2015, where oil concentration was greatest in the AGCO 20-in. row treatment with the lowest seeding rate. The cooperator practice treatment resulted in the lowest oil concentration. Even though treatment differences could be detected, the total range in oil concentration at this location was small, 39.5 to 41.1%. The range of plant populations and plant to plant spacings achieved in these experiments did not have a consistent effect on plant development or seed oil concentration.
Yield
Yield response to management practices was not consistent at all locations. Yields were not affected by equipment, row spacing, or seeding rate at the Conway Springs 2016 and Kiowa 2016 locations, representing almost the extremes of the yield range across locations (Table 5 ). The relatively strong negative correlations between both fall establishment and spring stands versus yield at Kingman 2016 (r = -0.84, P = <0.0001, r = -0.85, and P = <0.0001, respectively) and at Conway Springs 2016 (r = -0.49, P = 0.0125, r = -0.46, and P = 0.0188, respectively) were likely related to plant stress resulting from periods of limited rainfall in fall and early spring at these environments. At Kiowa, where plants were under less drought stress, and yields were greater, there was a positive correlation between both fall establishment (r = 0.36 and P = 0.0706) and spring stands (r = 0.49 and P = 0.0112) and yield. These contrasting correlations at different locations reveal the influence of specific growing conditions on yield response to plant density. All AGCO treatments, including those with seeding rates substantially less than most cooperators' practice, produced yields that were either similar to or greater than those achieved using cooperator practices across a wide range of yield levels. This yield advantage was most consistent in 20-in. rows, but row spacing had a significant influence on yield only at Andale in 2015. These results indicate that seeding rates likely can be reduced from those typically used by canola producers in high residue, no-tillage or reduced tillage systems if residue can be adequately removed from the seed row. Seeding rates of 100,000 seeds/a (0.9 to 1.1 pounds per acre depending on seed size) resulting in spring plant densities as low as 50,000 plants/a (~1.1 plants/ft 2 ) supported yields ranging from 800 to 3100 lb/a.
Conclusions
Cooperator practice tended to produce the greatest fall and spring plant densities, unless the AGCO seeding rate was greater than targeted (e.g. Andale 2015). Winter survival tended to increase as seeding rate decreased in 20-in. rows at four of the five locations. This could have been a result of greater intra-row plant spacing achieved with narrower rows. Yield increased as seeding rate decreased in AGCO treatments when row spacing was 20 in. at three locations. At Kingman 2016, all AGCO treatments yielded more than the cooperator practice. Reduced seeding rates in 20-and 30-in. row spacings using the AGCO residue management system produced yields similar to or superior than cooperator practice in all environments. Using the AGCO system, lower seeding rates produced superior yields regardless of row spacing in two environments, and 20-in. rows out-yielded 30-in. rows in one environment. These results indicate that seeding rates can be reduced from those typically used by canola producers in high residue, no-tillage systems if residue can be adequately removed from the seed row, and that row spacing less than 30 inches may increase establishment and winter survival. 
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